Abstract-Low power consumption and small footprint make ZigBee based devices well suited for personal healthcare applications, being a promising alternative to general care patient monitoring. However, their use in a health care facility to monitor several mobile patients poses several difficulties, mainly because this protocol was primarily designed to operate in low data rate scenarios. This paper introduces HM4AII, a remote vital signs monitoring system, and presents a prototype system being deployed in a hospital internment floor. Its architecture, original network topology, software applications and wireless sensors are described.
Continuous health monitoring based on wireless sensor networks (WSNs) can greatly benefit general care patients, including mobile in-patients. WSNs consist of spatially distributed devices containing sensor units used to acquire and process data and communicate with each other using a radiofrequency channel. These networks are characterized by several features, such as self-organizing capabilities, short range broadcast communication and multi-hop routing, frequently changing topology due to fading and node failures, and power limitations [3] .
To be feasible, each sensor network must consist of unobtrusive sensor nodes that consume very little power, since t According to the American Agency for Healthcare Research and Quality (http://www.psnet.ahrq.gov/glossary.aspx), "failure to rescue " refers to the inability of conducting actions that could have prevented a clinically important deterioration, such as death or permanent disability, from a complication of an underlying illness or a complication of medical care that developed on their watch. It may reflect the quality of monitoring, the effectiveness of actions taken once early complications are recognized, or both. The stack architecture is shown in Figure I , where the Application Profile is shown on top of ZigBee and 802.15.4
stacks. Applications must conform to public or manufacturer specific profiles. Public profiles are defined by the ZigBee Alliance, and provide a description of the devices supported for a specific application together with the messaging scheme.
They guarantee end-to-end interoperability between products running the same public application profile [6] . 
III. SYSTEM ARCHITECTURE AND TOPOLOGY

A. Architecture
The overall system architecture is shown in Figure 2 ZigBee-based wearable sensors used by in-patients associate to providers can observe patients' vital signs and, in the future, they will be able to receive alerts in a PDA. 
B. Network Topology
IV.
PROTOTYPE SYSTEM
A. Topology
The prototype system must be able to monitor up to six patients. Considering this requisite, the specific topology shown in Figure 3 , with two WSNs operating in two different channels, will be used. A textile band is used to hold the temperature sensor case around the patient's arm, close to the armpit, where the temperature probe can be placed. Every two minutes a new skin temperature reading is sent. As with the ECG sensor, every ten minutes it also sends the measured battery voltage.
Based on this value, the application running in the nurses' station can monitor the battery level.
C. Software Applications
The ZigBee-to-Wi-Fi Gateway, which was developed in C#, contains two basic modules. The first one is responsible for establishing a serial connection, verifying the integrity and correctness of the data and processing them while the other one is responsible for establishing HTTP connections to send the processed data to the database as well as exhibiting relevant sensor related information to the system administrator.
The Data Visualization Application that runs in the Data
Server (see Figure 2 ) is a Web-based application developed in V.
RESULTS
As already stated, the prototype system was designed to monitor up to six patients simultaneously. The packet delivery ratio observed in tests realized using six ECG and six temperature sensors in the hospital floor is close to 100%.
Although results are encouraging, and confirm simulation data
[8], more tests are necessary to validate system performance because, as the hospital is not yet fully operational, some sources of electromagnetic interference are not present.
VI. RELATED WORK
Our work shares similarities with the SMART system [9] and a monitoring system developed at University of Texas (UT) [10] . SMART can monitor Sp02, ECG, and location of multiple patients. A commercial Sp02 sensor was used while the ECG sensor was developed as a Cricket mote daughter board. Vital signs and location data are sent to a PDA using a serial wired connection. All information gathered is transmitted using Wi-Fi to a central unit with signal processing and data analysis capability. Alarms can be sent to caregivers' PDAs.
Similarly to our approach, raw ECG data is also transmitted. In seriously restricts the amount of data that can be relayed by the network. This concern is not shared by UT researchers as in their system short messages are infrequent.
In [11] , the developed system aims at transmitting vital signals from in-patients in a very restricted area: an intensive care unit. This scenario differs from ours because, in our case, patient mobility obliges the system to provide means of efficiently collecting the signals throughout the hospital targeted areas without losing information. The developed Web-based applications allow information to be displayed in any computer with access to the Internet, and a PDA-based application is under development. Simulations and measurements support the view that the system is able to provide adequate system performance under the expected load.
Our future work includes tests to be carried out when the hospital is fully operational, deeply investigating ways of overcoming electromagnetic sources of interference in the hospital environment and comparing the performance of distributed networks with a topology based on BANs.
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